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INTRODUCTION 
Bunnett, Miles, and Nahabedian (3) studied the kinetics of 
the alkali cleavage of 2, 6-dichlorobenzaldehy.de at base concentrations 
ranging from . 211M. to 1. 86M. and they postulated the following 
mechanism: 
~\O\U t 
They found that the simplest mechanism which gives an adequate 
account of the kinetics is represented by equations (I) and (II). 
For the step represented by equation (II), kc is the concentration 
independent second-order rate constant. 
(.' o~ c-o- 
"' ~· ) (.u) 
The purpose of this project was to expand the region 
studied to the highest feasible base concentration. 
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EXPERIMENTAL PART 
Materials: Since carbonate free solutions were required, a stock 
solution of saturated sodium hydroxide ( 18M) was prepared from 
reagent grade sodium hudroxide and stored in a polyethylene bottle. 
Akerlof and Kegeles (2) have reported that the ratio of carbonate to 
hydroxide in a saturated solution is less than • 001. All dilutions 
were made with water that had been degassed by boiling. The 
2, 6-dichlorobenzaldehyde was obtained from J. T. Baker, technical 
grade, and purified by recrystalization from ligroin. M. P. 69° -71 °, 
lit. 7 0 ° ( 3). 
Determination of K1 for 2, 6-Dichlorobenzaldehyde at 25. 0° C.: 
A solution of 2, 6-dichlorobenzaldehyde was prepared by dissolving 
• 2209 grams in lOOml. of methanol, and lOml. of this solution was 
diluted to lOOml. with water that had been degassed by boiling. The 
spectral solutions were prepared by adding lOml. of the latter 
solution to an appropriate amount of dosium hydroxide and diluting 
to lOOml. The absorbance of a solution having no added base, I0, 
and the absorbance of solutions having added base, Ib, were 
measured on a Beckman D. U. spectrophotometer equipped with a 
thermostated water jacket. The cells used were matched with a 
distilled water reference. Each sample was followed over a 
period of several minutes to make sure that the absorbance was 
not changing with time. 
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The sodium hydroxide concentrations were determined by 
titrating aliquots of the basic solutions with standard hydrochloric 
acid. The evaluation of K1 is described in the Results. 
Kinetic Data: Approximately. 15 grams of 2, 6-dichlorobenzaldehyde 
were weighed on an analytical balance. For Runs 1-6, the substrate 
was dissolved in lOml. of methanol. For Run 7, the substrate was 
dissolved in 5ml. of methanol and this solution was diluted to 10 ml. 
with 6M. sodium hydroxide. Two ml. of the methanol or methanol 
sodium hydroxide solution were placed in a lOOml. volumetric flask 
containing about 90ml. of sodium hydroxide of an appropriate 
concentration. The solution was diluted to the mark and transferred 
to a 125ml. flask with a ground glass stopper. The flask was placed 
in a water bath at 25. 0°±. 1 °C. In Runs 1-6, the solutions were 
given about twenty minutes to come to the temperature of the bath 
before aliquots were removed, acidified with hydrochloric acid and 
diluted. Run 7 was given only five minutes to come to temperature. 
In Runs 1-5, lOml. aliquots were dil.uted to lOOml. In Runs 6 and 7, 
5ml. aliquots were diluted to 50ml. The spectral solutions were 
cooled in ice water before the final dilutions were made. The 
absorbance at 255 millimicrons was measured on a Beckman D. U. 
spectrophotometer. To find the absorbance of the aldehyde, the 
cell absorbance was subtracted from the total absorbance. 
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The sodium hydroxide concentration was found by titrating 
aliquots of the reaction mixture with standard hydrochloric acid 
to both the methyl orange and phenolpthlein endpoints. A difference 
in these endpoints shows the presence of carbonate. 
RESULTS 
The first step necessary in studying this reaction was to 
determine the value of the equilibrium constant, Kj , for reaction (I) 
at 25°C. Neglecting activity coefficients, K1 is defined by - 
or 
Ao - Ab 
where A0 is the stoichiometric concentration of aldehyde and Ab 
is the concentration of aldehyde after equilibrium is attained in the 
basic solution. If the hydroxylated form has no absorbance at a 
· wavelength of light where the 2, 6-dichlorobenzaldehyde absorbs 
strongly then 
-V:!here I0 and Ib are the absorbances of a neutral and a basic 
solution respectively, each having the same stoichiometric 
concentration of 2, 6-dichlorobenzaldehyde. Then 
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K1=(Io/Ib)- l 
(f}H:J 
The assumption that the hydroxylated form, (B), has no 
absorbance at 255 millimicrons is valid because the absorbance at 
this wavelength is due to a 1T-f)ll">:< transition in the conjugated 
benzene-carbonyl system. 
The data obtained is shown in Table I. The average value 
for Ki is 10. 3M-l compared to a value of 9.9M-l interpolated 
from Bunnett' s data ( 3). This means that at one molar sodium 
hydroxide, the ratio of {B) to {A) is about ten to one, and at two 
molar base concentration it is twenty to one. Above two molar 
base concentration, (A) is essentially completely converted to (B). 
Table II gives the kinetic data. Since the rate shows a first 
order dependence on the absorbance of 2, 6-dichlorobenzaldehyde, 
IA• after acidification ( 3), the rate is given by 
-d{IA)= ..l'fi(IA) 
dt 
Separating the variables and integrating yields 
-ln(IA)= ~.t + constant 
Therefore, the slope of a plot of ln(IA) against time is equal to -k fJ, 
where kt/' is the pseudo first-order rate constant. Figure I is a 
representative plot. 
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Table III gives the data used in calculating the sodium hydroxide 
concentration. For the runs at higher base strength, the lack of 
precision of the titrations is probably due to the difficulty of getting 
uniform drainage of the pipets. Since Runs 4 and 5 were followed for 
five days, and since these solutions were not very viscous, the base 
concentration was probably changing. In no case was the change in 
molarity during a reaction greater than one percent. 
Another problem was that above 2. 884M. sodium hydroxide 
concentration, the reaction mixture became cloudy as the reaction 
proceeded. The acidic spectral solutions were clear so the 
absorbance measurements were not affected. 
Equation (III) describes the dependence of the experimentally 
measured first-order rate constant on hydroxide ion concentration 
at constant ionic strength (3). 
= K1 Jlc (oH!j 2 
1 + K1 (.OHj 
(III) 
Under the reaction conditions employed in this project, 
the 2, 6-dichlorobenzaldehyde is almost completely converted to 
either (B) or (C). The rate measured is actually the rate of change 
of the sum of the concentrations of these two species. That is, the 
rate is given by equation (IV). 
rate = -d( (B) + [<l)= k1'<1J3'l + Cc)) (IV) 
dt 
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The rate is also given by equation ( V), 
rate= k1 (c*) (V) 
where(C'::lis the concentration of the transition state and k1 is the 
rate constant for the decay of the transition state to products. 
Since 
K >!< = (r:; >:\I f C >:< 
(c)fc 
where fc,:< and fc are the activity coefficients of C'!< and ( C) 
respectively, then 
[o1l= K':<(c)fc/fc,:< 
Kz =(C)fc aHzO 
(B) fB aOH- 
(VI) 
(VII) 
where ~20 is the activity of water and a0H- is the activity of 
hydroxide ion. 
Solving equation (VIIO for C and substituting into equation (VI) 
Substituting the above expression for C>:< into equation ( V) and 
substituting k for k1K>!< yields 
rate = k't~l + (cl) = kK2(B) a 08-fB 
aHzO fc,:< 
(VII) 
= K CloH- B f 
2 B 
( (B) + (C1) fc-·-a -r- HzO 
-8- .. 
= K2 ~ OH-fB/ Q. H20 fC>:< 
1 + K2 (l OH-fB 
Q H20 fc 
(IX) 
The numerator and denominator in equation (IX) contain a number 
of similar terms. If it is assumed that the transition state (C>!<) is 
close enough to the intermediate (C) that they have the same 
activity coefficients, then 
k 'ft= kK2b= (X) 
l+K2b= 
where b= is an appropriate basicity function, defined by equation 
(XI). 
As long as the denominator of equation (X) remains close to unity, 
the reaction will be first order in b=; that is, 
Acidity and Basicity Functions: Hammett's h0 acidity scale has 
proved very useful in predicting acid strengths in solutions of high 
acid concentration ( 4, 5). The h0 scale is defined for the equilibrium 
between an uncharged acid, BH+, and its conjugate base, B. 
then 
-9- 
and 
aH+ = KBH+ [BH+) fBH+ 
Q3]fB 
The h0 scale is useful because the activity coefficient 
ratio fB/fBH+ is the same for a number of substrates in a medium 
with a high dielectric constant, but not without exception. 
A similar scale, h , scale is based on the equilibrium 
between an uncharged acid, BH, and a charged base, B - • 
BH = B- + H+ 
The dissociation constant of water, Kw, is defined by 
Kw= aH+aoH- 
aHzO 
then 
Kw~ aH+aoH- fBH 
h aHzO fB-aH+ 
Kw= aoa-fBH 
h aHzOfB- 
Taking the logarithm of all the terms in equation (XII) yields 
-log h , = log aoH-fBH 
aH20 fB_ 
.. 
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Another basicity function, h=, based on the equilibrium 
between a negatively charged acid and a doubly charged base can 
be derived in a manner exactly analogous to the h ; function, 
(XIII) 
Since B- and intermediate (C) are of the same charge type, the left 
side of equation (XIII) can be substituted into equation (XI) to give 
equation (XIV). 
Kw= b= 
b:::: 
(XIV) 
The h= scale would obviously be the most useful in 
predicting and interpreting the rate data for the reaction under 
study. Unfortunately, there are no values available for h=· It 
was necessary to use a plot of -log h_ versus log k in the 
interpretation of the rate data. Experimental values for this 
function have been tabulated by C. H. Rochester (6), The slope 
of such a plot should give the relative sensitivities of f ff 
BH B- 
.and fBH-/ fB = to sodium hydroxide concentration. 
CONCLUSIONS 
Table IV gives the value of k' for each run along with the 
appropriate value of -log h.,; Figure III is a plot of log k 'I' versus 
-log h_. As can be seen from the graph, the line has a slope of 
1. 44 between the points representing runs at sodium hydroxide 
conc errtr ati ons of 1. 442M. and 8. 478M. This means that the 
activity coefficient ratio fBH_/fB:i: is much rno r e sensitive to 
sodium hydroxide concentration than the activity coefficient 
ratio fBH/fB-. The greater sensitivity of fBH_/fB= might 
have been predicted because the formation of a doubly negative 
anion results in a greater concentration of charge. 
Above 8.478M., the slope of the line changes to 1.09. 
-12- 
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TABLE I 
DETERMINATION OF EQUILIBRIUM CONSTANT 
Concentration 
of 
Aldehyde NaOH Time Io _.!IL 
1. 320 x 10-4M o.oo -:-709 
1. 320 x l0-4M • 2304 3 min. • 219 
4 min. • 219 
6 min. • 219 
7. 5 min. • 220 
9 min. • 220 
1. 320 xl0-4M • 3621 4 min. .145 
5 min. • 145 
6. 5 min. • 145 
7. 5 min. .145 
8. 5 min. .145 
--13- 
TABLE II 
Kinetic Data 
Time in Total Absorbance Cell 
Minutes RUN 1 Absorbance 
0 .992 • 004 
13. 0 • 853 • 000 
36. 25 • 662 • 005 
53. 58 • 550 • 004 
94.0 • 360 • 000 
RUN 2 
0 1. 00 • 004 
43.50 • 904 • 003 
88.50 • 858 • 000 
175. 58 • 788 • 004 
213.42 .729 • 003 
RUN 3 
0 • 855 • 019 
79.30 • 521 • Oll 
130. 25 • 390 • 010 
186.75 • 286 • 019 
257. 50 • 205 • 019 
RUN 4 
0 1. 180 • 010 
1301 1. 050 • 000 
2606 1. 020 • 003 
4090 1. 000 • 007 
5340 .960 • Oll 
RUN 5 
0 .718 • 017 
1207 .605 • 005 
2866 • 502 • 003 
4082 • 4ll • 007 
5350 • 314 • 011 
RUN 6 
0 • 879 • 026 
5. 18 • 724 • 026 
12. 37 • 592 • 006 
16.75 • 580 • 026 
25.25 • 460 • 026 
30.78 • 401 • 006 
38.47 • 362 • 026 
45. 18 • 300 • 026 
53. 17 • 250 • 006 
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TABLE II 
cont. 
Time in Total Absorbance Cell 
Minutes RUN 7 Absorbance 
0 .795 • 012 
2.90 • 560 • 006 
5. 95 • 428 • 006 
9.67 • 296 • 012 
11. 92 • '205 • 006 
15. 20 • 161 • 006 
18. 17 • 150 • 012 
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TABLE III 
Determination of NaOH Concentration 
ml. to ml. to 
Phenol thal ein Methyl Orange Normality Average 
Endpoint Endpoint of HCl [NaOID (NaOH) 
RUN 1 
55. 57 55. 57 1. 521 8.452 8.478 
55.86 55. 86 1. 521 8.496 8.478 
RUN 2 
36. 50 36. 50 1. 521 5. 551 5. 551 
RUN 3 
49.61 49.61 1. 521 7.545 7.524 
49.20 49.54 1. 521 7.483 7.524 
RUN 4 
26.89 26.89 • 5386 1. 448 1.442 
26.68 26.78 • 5386 1. 436 1. 442 
RUN 5 
53.62 53. 62 • 5386 2. 888 2.884 
53.46 53. 62 • 5386 2.879 2.884 
RUN 6 
33.21 33. 21 1. 521 1 o. 10 10.20 
33. 83 33. 83 1. 521 10. 29 10. 20 
RUN 7 
32.40 32.40 1. 872 12. 13 12.19 
32. 74 32.74 1. 872 12.25 12.19 
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TABLE IV 
RUN NaOH -log h-(6) Jilq> x 105min -l LOG10 Jlt~ 
1 8. 478 15. 84 1070 -1. 9707 
2 5. 551 15. 30 142 -2.8477 
3 7.524 15.70 598 -2.2234 
4 1.442 14.15 3. 51 -4.4551 
5 2. 884 14. 62 15. 2 -3.8181 
6 10. 20 16. 19 2300 -1.6383 
7 12. 19 16.78 1 0200 - • 9914 
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282 
'ares to the Inch 
-18- 
I 
I 
4- s 
C No. o'\.\ 'J 
, , I::;,\ 
%a ,., to the Inch 
arcs to the Inch ,., • 0 
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